THE right-to-left shunt in Fallot's tetralogy is the result of obstruction to ejection of blood from the right ventricle into the pulmonary circulation. There is organic stenosis of the pulmonary valve or the infundibulum, frequently associated with hypoplasia of the outflow tract and pulmonary trunk.' In addition, contraction of hypertrophied infundibular muscle may add a functional stenosis, during systole, which can be demonstrated by angiocardiography. Physical exertion is accompanied by sympathetic stimulation of the heart, mediated by beta receptors,2 which not only increases heart rate, but also increases myocardial contractility;3 this implies greater stroke power from any given end-diastolic fiber length and normally results in a decrease in heart size with more complete emptying of the heart during systole. We postulated that in Fallot's tetralogy increased oufflow tract obstruction resulting from sympathetic stimulation might be one of the factors causing the fall in arterial oxygen saturation on effort, and consequently that the fall might be lessened by the administration of the beta-sympathetic blocking agent, pronethalol.4 * We have tested this hypothesis by observing the effect of pronethalol on the arterial oxygen saturation at rest and during exercise in patients with Fallot's tetralogy.
THE right-to-left shunt in Fallot's tetralogy is the result of obstruction to ejection of blood from the right ventricle into the pulmonary circulation. There is organic stenosis of the pulmonary valve or the infundibulum, frequently associated with hypoplasia of the outflow tract and pulmonary trunk.' In addition, contraction of hypertrophied infundibular muscle may add a functional stenosis, during systole, which can be demonstrated by angiocardiography. Physical exertion is accompanied by sympathetic stimulation of the heart, mediated by beta receptors,2 which not only increases heart rate, but also increases myocardial contractility;3 this implies greater stroke power from any given end-diastolic fiber length and normally results in a decrease in heart size with more complete emptying of the heart during systole. We postulated that in Fallot's tetralogy increased oufflow tract obstruction resulting from sympathetic stimulation might be one of the factors causing the fall in arterial oxygen saturation on effort, and consequently that the fall might be lessened by the administration of the beta-sympathetic blocking agent, pronethalol.4 * We have tested this hypothesis by observing the effect of pronethalol on the arterial oxygen saturation at rest and during exercise in patients with Fallot's tetralogy. Patients Several preliminary practice walks on the treadmill were necessary so that the patients became familiar with the apparatus and were not apprehensive during the tests.
In 14 patients the diagnosis was confirmed by routine right heart catheterization and selective angiocardiography (with right ventricular injection), in most cases with use of a simultaneous biplane rapid film changer. Five of these patients subsequently had their cardiac lesions totally corrected, and it was possible to correlate detailed anatomic findings with the response to betasympathetic blockade.
Results
The resting arterial oxygen saturation was normal in only one of the patients, and low (54.5 to 92 per cent) in the remainder (table  1) . In all, the saturation fell during exercise, but the drop was relatively slight (4 per cent after 5 The Effect of Tetralogy) We have tried to correlate the degree of response to pronethalol with the surgical findings in the five patients later submitted to total correction (table 3). In three patients whose arterial oxygen saturation during exercise was increased considerably by pronethalol, there was much muscular hypertrophy in the right ventricular outflow tract proximal to the main organic stenosis which was either valvular or high infundibular. On the other hand, another patient, in whom muscular hypertrophy was a prominent feature, failed to respond. Fourteen patients had angiocardiograms, but only in one did the films convincingly show a contractile infundibular narrowing (patient 17, fig. 5 ); he responded well to beta-sympathetic blockade. In other patients, the films showed a valve stenosis or a fixed infundibular stenosis, without demonstrating much variation in the diameter of the outflow portion of right ventricle during the single ventricle with rudimentary outflow chamber; there was no angiocardiographic evidence of muscular hypertrophy, and the obstruction to pulmonary blood flow in these patients is likely to be the result of fixed organic stenosis.
We had suspected that a patient with a large Blalock shunt would be less dependent on blood flow through the right ventricular outflow tract and would therefore show less fall in oxygen saturation on exercise, and less response to pronethalol, than a comparable patient with a good result from a pulmonary valvotomy or infundibular resection. Our results, however, showed no obvious difference in the pattern of response between those patients who had had previous direct operations and those who had had anastomotic operations, but there were too few in each group to draw any firm conclusions.
We have found the oral dose of pronethalol used in the study (approximately 4 mg./Kg.) effective in blocking the tachyeardia produced in normal volunteers by inhaled isoproterenol. This effect, however, is rarely fully developed as soon as 1 hour after administering the drug; in retrospect the 14 Our results do, however, show clearly that beta-sympathetic blockade has a beneficial effect on the response to exercise of many patients with Fallot's tetralogy. Subjective exercise tolerance would not necessarily be improved, but clearly a clinical trial of a suitable beta-sympathetic blocking agent is indicated in those patients who have not yet had a total corrective operation. Unfortunately, pronethalol has disadvantages that make it unsuitable for long-term treatment. Many patients are nauseated, or complain of an unpleasant sensation of faintness or unreality; furthermore the drug has been found to increase the incidence of thymic tumors and lymphosarcomas in mice.15 These actions are almost certainly not inherent in beta-sympathetic blockade, and long-term administration must await the availability of a beta-sympathetic blocking drug without important side effects.
Summary
In many patients with Fallot's tetralogy, the fall in arterial oxygen saturation that occurs during exercise can be reduced by prior administration of the beta-sympathetic blocking drug, pronethalol. In a few patients there is also a rise in arterial oxygen saturation at rest.
During exercise, increased stimulation of beta-sympathetic receptors in the heart enhances myocardial contractility; this leads to more complete systolic emptying of the right ventricle, and increased systolic obstruction to ejection of blood into the pulmonary circulation by hypertrophied infundibular muscle. It is this dynamic component of the right ventricular outflow tract obstruction that is abolished or reduced by beta-sympathetic blockade. The phenomenon occurs most readily when valve or high infundibular stenosis is associated with infundibular muscle hypertrophy proximal to the organic ob-struction, and can sometimes be demonstrated by angiocardiography.
Beta-sympathetic blocking drugs may have a place in the treatment of cyanotic attacks in Fallot's tetralogy, and possibly in the longterm management of the patients in whom total correction has not yet been undertaken.
